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ABSTRACT 


Witness  packs  are  used  to  obtain  the  mass-velocity  distribution  of  fragments 
generated,  for  example,  at  complete  perforation  of  a  target.  A  witness  pack  consists  of 
several  metallic  layers  of  various  materials  and  thicknesses  spaced  evenly.  The  STANAG 
4190  description  requires  a  low  density  Styrofoam  spacer  between  the  layers.  Previous 
computer  simulations  of  witness  packs  have  been  reported  but  were  simplified  by  using  air 
gaps.  This  document  describes  new  computer  simulations  with  a  low  density  Styrofoam  layer 
between  each  layer.  It  was  difficult  to  describe  the  Styrofoam  mechanical  properties  exactly 
but  an  approximate  representation  was  used.  The  study  presented  in  this  memorandum 
shows  that  the  Styrofoam  does  have  a  significant  effect  on  the  results  of  the  mass- velocity 
distribution  and  therefore,  one  should  be  very  careful  when  comparing  simulations  done 
with  and  without  the  Styrofoam  to  experimental  results. 


RESUME 


On  utilise  des  panneaux  temoins  pour  obtenir  la  distribution  masse- vitesse  de  frag¬ 
ments  generes,  par  exemple,  derriere  le  blindage  d’un  vehicule.  Les  panneaux  sont  constitues 
de  plusieurs  feuilles  de  metal  de  divers  materiaux  d’  epaisseurs  variees  et  separes  par  des 
espaces  contants.  La  norme  STANAG  4190  exige  l’utilisation  de  styromousse  pour  assurer 
un  espace  constant.  On  a  deja  rapporte  des  simulations  par  ordinateur  dans  le  cas  simplife 
d’un  espace  rempli  d’air.  Ce  document  decrit  de  nouvelles  simulations  avec  l’espace  rempli 
de  styromousse  de  faible  densite.  On  a  estime  les  proprietes  mecaniques  de  la  styromousse 
ont  ete  estimees.  Cette  etude  demontre  que  l’effet  de  la  styromousse  est  significatif.  On 
devrait  done  etre  prudent  en  comparant  les  resultats  generes  par  simulation,  avec  ou  sans 
styromousse,  aux  resultats  experimentaux. 
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EXECUTIVE  SUMMARY 


When  a  projectile  strikes  and  penetrates  an  armoured  vehicle,  a  cloud  of  behind  ar¬ 
mour  debris,  consisting  of  many  fragments  of  various  sizes  and  velocities,  can  be  generated 
inside  the  vehicle.  To  evaluate  the  lethality  of  these  fragments,  some  idea  of  the  distribution 
of  their  masses  and  velocities  is  required.  One  way  to  acquire  this  information  is  by  using 
witness  packs  which  are  made  up  of  several  metallic  layers  of  various  materials  and  thick¬ 
nesses,  evenly  spaced  and  supported  by  low  density  styrofoam  spacers  between  the  layers, 
as  required  by  the  STANAG  4190  standard.  Computer  simulations  of  the  perforation  of  the 
witness  pack  by  fragments  are  used  to  better  interpret  the  mass- velocity  distributions. 

At  DREV,  computer  simulations  were  performed  some  years  ago  of  the  perforation 
of  a  witness  pack  by  a  fragment  simulating  projectile.  However,  in  those  simulations, 
a  simplification  of  the  problem  was  made  by  omitting  the  styrofoam  layers.  Recently, 
questions  arose  as  to  whether  or  not  the  styrofoam  layers  should  be  neglected.  Further 
simulations  using  the  hydrodynamic  finite  element  computer  program  LS-DYNA2D  were 
undertaken,  this  time  including  the  styrofoam.  A  simplified  constitutive  model  for  the 
styrofoam  was  used.  The  present  research  has  determined  that  in  computer  simulations,  the 
addition  of  styrofoam  layers  has  a  significant  effect  on  the  mass- velocity  distribution  results. 
For  each  layer  and  fragment  mass,  a  higher  impact  velocity  was  required  for  perforation 
when  the  styrofoam  was  present.  Thus,  any  future  simulations  of  witness  packs  should  not 
ignore  the  styrofoam,  if  it  is  present. 

This  work  was  performed  at  Defence  Research  Establishment  Valcartier  between 
October  1998  and  March  1999  under  Work  Unit  2fhl3,  “Numerical  Modelling  of  Ballistic 
Events”,  and  is  reported  in  DREV  document  TM-1999-110  (1999),  “The  Effect  of  Styrofoam 
Interlayers  in  Fragment  Witness  Packs”,  by  Grant  McIntosh. 
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1.0  INTRODUCTION 

Witness  packs  are  used  to  gain  some  idea  of  the  mass- velocity  distribution  of  frag¬ 
ments  generated,  for  example,  at  complete  perforation  of  a  target.  A  witness  pack  consists 
of  several  metallic  layers  of  various  materials  and  thicknesses  spaced  evenly.  The  STANAG 
4190  description  requires  a  low  density  styrofoam  spacer  between  the  layers,  the  function 
of  which  being  to  maintain  the  rigidity  of  the  witness  pack  as  well  as  to  ensure  an  even  and 
constant  spacing  between  the  metallic  sheets.  Computer  simulations  have  been  previously 
reported  for  a  simplified  witness  pack  in  which  air  gaps  were  used  (Ref.  1).  The  current 
document  describes  new  computer  simulations  with  a  low  density  styrofoam  layer  between 
each  metallic  sheet. 

This  work  was  performed  at  DREV  between  October  1998  and  March  1999  under 
Work  Unit  2fhl3,  Numerical  Modelling  of  Ballistic  Events. 

2.0  MODEL  DESCRIPTION 

The  finite  element  hydrodynamic  computer  program  LSDYNA-2D  was  used  to  sim¬ 
ulate  the  penetration  and  perforation  of  the  various  layers  of  a  witness  pack  by  high  velocity 
fragments.  The  simulations  were  performed  with  azimuthal  symmetry  (in  2-D)  and  thus, 
equivalent  fragment  simulating  projectiles  (FSP)  (made  of  4340  steel)  were  used.  The  pro¬ 
jectiles  were  launched  at  various  velocities  between  75  and  1000  m/s  onto  a  4-layer  witness 
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Polystyrene 

Foam 


FIGURE  1  -  Witness  pack  configuration 

pack  consisting  of  sheets  (in  order  of  appearance)  of  1-mm  2024  aluminum,  1-mm  2024 
aluminum,  3-mm  2024  aluminum  and  1.5-mm  1020  steel  with  a  25.4-mm  layer  of  styrofoam 
between  the  metal  sheets.  Figure  1  shows  the  true  witness  pack  configuration.  Approxi¬ 
mate  (bracketed)  ballistic  limits  were  found  by  noting  the  degree  of  penetration  for  each 
mass  and  for  each  velocity.  A  bracketed  ballistic  limit  is  the  average  of  the  highest  velocity 
which  does  not  perforate  a  given  layer  and  the  lowest  velocity  which  does.  The  material 
properties  used  are  described  in  Tables  I-IV.  For  the  styrofoam,  material  properties  were 
found  in  the  manufacturer’s  literature  (Ref.  2)  and  in  the  shock  wave  literature  (Ref.  3). 
The  constitutive  model  used  is  not  the  best  for  this  material  but  it  should  give  some  idea 
of  the  magnitude  of  the  importance  of  the  styrofoam  in  a  witness  pack. 

The  mesh  was  not  optimized  (a  coarser  mesh  could  possibly  have  been  used)  but 
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TABLE  I 


Parameters  for  styrofoam 


Parameter 

Value 

P 

lilliliklJ.WfaMl 

G 

0.000576  MBar 

av 

2.5E-06  MBar 

pc 

-5.E-06  MBar 

fs 

0.25 

hgqt 

4 

hgq 

0.4 

bqt 

1 

bqq 

1.5 

bql 

0.06 

sp 

si 

1.22 

7 

2.0 

the  mesh  used  gave  identical  results  to  a  mesh  which  was  twice  as  fine.  To  better  resolve 
the  projectile  target  interactions,  the  mesh  was  more  finely  zoned  near  the  impact  point. 
The  outer  edges  of  the  layers  were  fixed,  to  simulate  a  clamped-down  condition. 


3.0  RESULTS  AND  DISCUSSIONS 


Figure  2  shows  the  results  from  the  current  series  of  simulations  as  well  the  original 
series  of  Ref.  1.  As  is  readily  seen,  the  addition  of  styrofoam  does  have  a  significant  effect 
on  the  interpretation  of  the  witness  pack  results.  For  every  mass  and  every  metal  layer,  a 
higher  ballistic  limit  is  observed  when  the  styrofoam  is  present.  For  example,  for  a  10-gram 
FSP,  the  ballistic  limit  for  the  second  layer  with  an  air  gap  is  around  189  m/s  whereas,  with 
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TABLE  II 


Parameters  for  1020  steel 


Parameter 

Value 

P 

7.83  g  cm-3 

G 

0.802  MBar 

0.00424  MBar 

eh 

0.00636  MBar 

pc 

-0.03840  MBar 

fs 

1.5 

hgqt 

4 

hgq 

0.40 

bqt 

1 

bqq 

1.5 

bql 

0.06 

cO 

0. 

cl 

1.28 

c2 

1.05 

c3 

0. 

c4 

2.0 

c5 

2.0 

c6 

0. 

TABLE  III 

Parameters  for  4340  steel 


Parameter 

Value 

^(effective) 

5.80  g  cm-3 

e 

2.068  MBar 

pr 

0.30 

0.01059  MBar 

etan 

0.01903  MBar 

P 

1. 

hgqt 

4 

hgq 

0.40 

bqt 

1 

bqq 

1.5 

bql 

0.06 
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TABLE  IV 


Parameters  for  aluminum  2024T3 


Parameter 

Value 

P 

G 

0.275  MBar 

(Ty 

0.00352  MBar 

eh 

0.00665  MBar 

pc 

-0.01125  MBar 

fs 

0.54 

hgqt 

4 

hgq 

0.40 

bqt 

1 

bqq 

1.5 

bql 

0.06 

cO 

0. 

cl 

0.75 

c2 

0.65 

c3 

0. 

c4 

2.13 

c5 

2.13 

c6 

0. 
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Ballistic  limit  (m/s) 

FIGURE  2  -  Comparison  of  ballistic  limits  with  and  without  stryofoam 


the  air  replaced  by  styrofoam,  the  limit  increases  to  around  262.5  m/s.  This  indicates  that 


the  styrofoam’s  effect  cannot  be  neglected. 


4.0  CONCLUSIONS  AND  RECOMMENDATIONS 

The  effect  of  styrofoam  in  a  witness  pack  cannot  be  neglected.  One  should  be 
careful  when  comparing  the  results  with  styrofoam  to  results  without  styrofoam.  A  witness 


UNCLASSIFIED 

7 


pack  made  with  styrofoam  spacers  should  be  calibrated  experimentally  before  definitive 
conclusions  about  the  mass- velocity  distributions  of  behind  armour  debris  are  drawn. 
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